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Introduction
Following the Global Financial Crisis the Federal Open Market Committee (FOMC) in the US has been using bond purchases since November 2008, so called quantitative easing (QE), to reduce long-term interest rates to support housing markets, employment, and real activity. Following positive economic news in the spring of 2013 however the Federal Reserve Chairman Ben Bernanke testified to Congress on 22 nd May 2013 that the Fed would likely start tapering QE, by slowing the pace of its bond purchases later in the year, conditional on continuing good economic news.
Ben Bernanke's announcement lead to what has been called the 'Taper Tantrum' with US large cap stocks, small cap stocks and bonds falling 0.83%, 1.67% and 0.29%, respectively on the 22 nd May 2013 (see Table 1 ). Stock and Bond markets however recovered very quickly as investors realized there was no need for a massive panic (see Figure 1 ). In contrast, Real Estate Investment Trusts (REITs) not only showed much bigger losses on the day of the announcement (2.57%) but continued to decline for the rest of the year. Importantly, the volatility of daily REIT returns rose following Ben Bernanke's announcement, whereas the daily volatility of Stocks and Bonds fell (see Table 2 ). The increase in volatility of REIT prices may reflect changes in the fundamental economic determinants such as; expected earnings, interest rates, real growth and inflation. Alternatively, the increase in volatility may simply reflect the effects of increased uncertainty in the market. In order, to sort out whether the effect of the 'Taper Tantrum' had a fundamental or purely financial impact on US financial markets we compare pre- taper and post-taper period volatilities of US Stocks, Bonds and REITs using an approach suggested by French and Roll (1986) , as extended by Tuluca et al (2003) .
In general, we find evidence that Ben Bernanke's announcement had a fundamental effect, rather than a financial effect, on US Stocks and Bonds but especially so for REITs. We also find that the correlation of REITs with the Stocks decreased but increased substantially with Bonds following Ben Bernanke's announcement compared with the pre-taper period. As a consequence, the risk/return benefits from adding REITs to the US mixed-asset portfolio have changed since May 2103.
The remainder of the paper is organised as follows. The next section describes the data used in this study, while the following section tests whether the effect of the 'Taper Tantrum' on US Stocks, Bonds and REITs was fundamental or financial. Section 4 then discusses the impact of the results on the benefits of add REITs to the mixed-asset portfolio. The last section concludes the study.
Data
Our empirical investigation uses price indexes for large cap stocks, small cap stocks, long-term bonds and REITs for 18 months before Ben Bernanke's announcement and for 18 months after the announcement, i.e. we use daily price indexes from 2 nd January 2011 to 9 th October 2014. Bank holidays are excluded. This gives us 346 daily returns and 18 monthly returns before and after the 22 nd May 2013.
To represent the performance of large cap and small cap stocks we use the S&P 500 and the Russell 2000 indexes, respectively. The S&P 500 is one of the most commonly used benchmarks for the overall US stock market and is meant to reflect the risk/return characteristics of the large cap universe. The Russell 2000 Index accounts for about 10% of the total market capitalization of the Russell 3000 Index and is constructed to provide a comprehensive and unbiased small-cap barometer.
The bond data is represented by the Barclays US Aggregate Bond Index (AGG), formerly the Lehman Aggregate Bond Index, and provides a measure of the performance of the US investment grades bonds. The securities in the index must have at least one year remaining to maturity, denominated in U.S. dollars and must be fixed rate, nonconvertible and taxable. Consequently, the index is the benchmark for long-term US bond investors and for many US index funds.
The REIT market is represented by the SNL Equity REIT index. We also examined 8 REIT sectors: Healthcare REITs; Hotel REITs; Industrial REITs; Diversified/Other REITs; Office REITs; Retail REITs; Residential REITs; Self-storage REITs. The REIT data is from SNL database 1 , the stock market data obtained from Yahoo Finance, while 1 We used the SNL REIT data as it provides daily data on 8 REIT sectors in addition to the overall Equity REIT index. In addition, results using the NAREIT Equity REIT index proved to be identical to those for the SNL Equity REIT index and so are not reported here.
the Bond data was collected from Datastream. Summary statistics for the daily returns are shown in Table 1 . Panel A of Table 1 shows that all financial markets displayed negative returns on the day of the 'Taper Talks' (22 nd May 2013). The biggest decline was in Equity REITs and the least in the S&P 500. Panel B of Table 1 shows that in the REIT sectors the biggest decline was in Industrial REITs and least in Hotel REITs.
We also compared the average daily returns in the pre-taper period Table 1 shows that in the pre-taper period the best returns were achieved in Equity REITs and the least in Bonds. In contrast, in the post-taper period Equity REITs displayed the worst returns, while the S&P500 performed the best.
Panel B of Table 1 shows that the best performing REIT sector in the pre-taper period was Industrial REITs and the worst was Residential REITs. But in the post-taper period Hotel REITs showed the best performance and Healthcare REITs the worst.
Fundamental or Financial Effect
The methodology used to determine whether the effect of the 'Taper Tantrum' was fundamental or purely financial is that suggested by French and Roll (1986) . French and Roll (1986) focused on the sharp drop in the hourly volatility of returns when exchanges are closed. They noted that if hourly stock return variances were constant across trading and non-trading periods and if returns are independent and identically distributed (i.i.d.), the variance of weekend returns (i.e., Friday close to Monday close) would be three times the variance of weekday returns (e.g., Tuesday close to Wednesday close). The observed ratio of weekend variances to weekday variances of only 1.107, rather than 3.0, suggests that prices are much more volatile when markets are open. French and Roll (1986) hypothesized that the higher volatility during trading hours results from either information (both public or private) that arrives primarily when markets are open or noise trading that also occurs only during market hours. A major difference between information and noise trading, according to the authors, is that information-based changes in stock prices persist while noise trading effects (the result of trading errors, misspricing, and overreaction) tend to be shortlived and reversed in subsequent periods. Following Perry (1982) , French and Roll (1986) discriminate between the effects of information and noise trading on volatility by comparing daily return variances with the daily variances implied by variances for longer holding periods. Tuluca et al. (2003) extend this concept and suggest that the effects of information and noise trading on volatility can be detected by comparing the actual return variances of daily data with that implied by monthly data and use this idea to test the impact of the Asian crisis on international stock markets. We follow this approach in the current paper and test the impact of the 'Taper Tantrum' on US market prices by examining the differences of post-taper and pre-taper variance ratios and interpret an increase in the difference as a fundamental (informational) effect and a decrease as a purely financial (noise trading) effect. The results presented in Table 2 . Notes: *, ** and ***, indicates significance at the 10%, 5% and 1% level, respectively
Columns 1 and 2 in Panel A of Table 1 present the pre-taper and post-taper variances of daily returns for the four asset classes (large cap stocks, small cap stocks, bonds and REITs). Columns 3 and 4 shows the corresponding variances of monthly (implied daily) returns variances. Column 5 (Post/Pre) shows the ratios of the post-taper daily variance (column 2) of returns to the pre-taper daily variance (column 1), while Column 6 presents the same calculation for the monthly (implied daily) variances. Column 7 compares the post-crisis increases in monthly (implied daily) variances (column 6) versus the post-crisis increases in daily variances (column 5).
Column 5 in Panel A of Table 1 indicates that the volatility of Stocks and Bonds declined in the post-taper period, whereas the daily volatility of REITs increased. Colum 6 in Panel A of Table 1 shows that all monthly volatilities increased, except for large cap stocks. Unlike Tuluca et al. (2003) who used an F-test to examine the equality of the variances in the pre-taper and post-taper periods we use the Brown-Forsythe test as it appears to be superior in terms of robustness and power to other tests (Conover, et al., 1981; Brown and Forsythe, 1974; and Neter, et al., 1996) . The results indicate that only Equity REITs show a significant increase in variance in post-taper versus pre-taper periods.
A casual examination of columns 5 and 6 show that the volatility for the four asset classes at the monthly frequency was greater than that at the actual daily frequency. Consequently, the results in column 7 show that all asset classes show an increase in monthly verses daily volatility. Monthly versus daily volatility rose by 118% for REITs, whereas that for large cap stocks, small cap stocks and bonds showed only moderate increases of 22%, 50% and 31%, respectively.
Following the proposition of French and Roll (1986) on the arrival of information and the reaction of traders, we interpret the increases in the monthly variances as increases in implied daily variances. Therefore, the French-Roll framework suggests that the effect of Ben Bernanke's announcement on 22 nd May 2013 were information based, or represent fundamental changes rather than trading errors (or other effects that are transitory), in all financial markets but especially so for REITs. Table 1 presents the same statistics as in Panel A for the 8 REIT sectors. Column 5 indicates that daily volatility of all sectors rose, except for Hotel REITs and Industrial REITs. Column 6 shows that all monthly volatilities increased, except for Hotel REITs. The results of the Brown-Forsythe test of variance equality indicate that only one REIT (Healthcare) showed significant increase in daily variance between the post-taper and pre-taper periods, while two REITs (Hotel and Industrials ) displayed a significant fall in daily variance. The results on the Brown-Forsythe test of variance equality at the monthly frequency shows that 4 REITs (Healthcare, Diversified/Other, Office and Retail) displayed significant increases in variance.
Panel B of
A comparison of columns 5 and 6 shows that in all 8 REIT sectors monthly (implied daily) variances was greater than that of their actual daily volatility. Hence, column 7 shows that monthly versus daily variances rose in all 8 REIT sectors, ranging from 34% in Hotel REITs to 145% in Office REITs with an average percentage increase of 97%. In other words, Ben Bernanke's announcement on 22
nd May 2013 had a significant impact on the market fundamentals of all REIT sectors.
The Diversification Benefit of REITs
In addition to the increased volatility following the 22 nd May 2013, the correlation of REITs with Stocks and Bonds also changed dramatically. Table 3 shows the correlations of daily REIT returns with Stocks and Bonds in the pre-taper and post-taper periods. Table 3 shows that the correlation of REITs with large cap stocks declined from an average of 0.68 to 0.61, a fall of 10%. The correlation of REITs with small cap stocks showing an even bigger fall from an average of 0.71 to 0.54, a fall of 24%.
The greatest change however was in the correlation of REITs with Bonds which jumped from an average -0.35 to 0.24, an average increase of 179%. This relationship can be explained by taking into consideration the fact that when the REIT market is falling investors tend to become more risk averse, thereby prompting shifts of funds into safer assets, such as long-term government bonds and gives rise to the 'flight-to-safety' phenomena. In order to examine the impact of REITs on the US mixed-asset portfolio in the pre-taper and post-taper periods, we start with a base portfolio composed of 60% in Stocks (composed of 40% in large cap stock and 20% small cap stocks) and 40% in long-term Bonds. We then add an allocation of 5% to REITs to this base portfolio and rescale the weights of Stocks and Bonds appropriately. The results of this exercise for the pre-taper and post-taper periods are shown in Table 4 . Table 4 shows that introducing an allocation of 5% to REITs in the pre-taper period would have generally increased mixed-asset portfolio returns by an average of 0.22bp. But depending on the type of REITs added to the base portfolio there could have been an increase of 0.43bp or a reduction in return of -0.04bp. Nonetheless, this increase in return however would have been more than offset by an increase in portfolio risk of between 3.09bp and 0.27bp with an average increase of 1.08bp.
In the post-taper period an allocation of 5% to REITs would have had even worst impact on portfolio performance, compared with the pre-taper period, as is to be expected from the result in Tables 1 to 3 . An allocation of 5% to REITs would have resulted in an average fall in portfolio returns of -0.14bp, with a maximum fall of -0.40bp, or no fall, depending on the REIT sector considered. Additionally, although an allocation of 5% in REITs would have increased portfolio risk by an average of 1.05bp this is less than the increase in risk in the pre-taper period. This smaller increase in portfolio risk can be explained by the fact that the correlation of REITs with Stocks fell in the post-taper period. So although the volatility of REITs increased in the post-taper period this was emolliated by the fall in the REIT-Stock correlation.
Conclusion
The term 'Taper Tantrum' has been widely used to define how the financial markets reacted to the comments by Federal Reserve Chairman, Ben Bernanke that the Fed might slow down, or taper, the rate of bond purchases, which is part of its QE program. In this paper, we empirically examine the effect of the 'Taper Tantrum' on US Stocks, Bonds and REITs using daily returns over the period from 3 rd January 2011 to 9 th October 2014 and make a number of interesting and significant findings. First, daily movements of all financial markets analysed here were affected by the 'Taper Tantrum', but most notably the REIT market.
Secondly, using the approach of French and Roll (1986) , as extended by Tuluca et al. (2003) , we find that the greatest increases in volatility were at the monthly, rather than daily, frequencies which suggests that much of the increased volatility following Ben Bernanke's announcement had a fundamental impact on future capital values or expected earnings rather than noise trading effects. Thus we conclude the impact of 'Taper Tantrum' was fundamental and persistent rather than financial and transitory.
Lastly, we show that in the 18 month period following Ben Bernanke's announcement on the 22
nd May 2013 the correlation of REITs with Stocks decreased compared with pretaper period, whereas the correlation of REITs with Bonds increased substantially. In other words, the 'Taper Tantrum' had a profound effect on the risk/return benefits of including REITs in the US mixed-asset portfolio. This highlights the need for investors in the US REIT market to remain vigilant about the effects of potential increases in interest rates on REIT risks and returns.
